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AtTploAl  lfteto»e«f»nwatliig  istr&aAmam  hitv*  h—n  iso* 
l«t«d  tTcm  IdMi  Intestines  of  ehletewtis  sftorlfieed  In  th» 
BtMt«rioIog7  SvpwrtaBnt  of  ths  SaxuMia  Stftte  Col  logs  of  Agri« 
oultur*  Slid  Apf>llod  Seiene««    6mmm««  of  thAlr  siallftrity  to 
jpamtTphold  orgnniima*  thay  am  of  intorsat  fron  «  t«x<moBil« 
and  bloXogliMl  atwadpoint. 

Mi9»9r  (1906)  and  MMslnl   (1907}«     Thay  ar»  gr«»^M|!«tiv«t 

tiwrt  rods  snd  differ  fron  WUfUKSSMA  ^^^^  ^"  ^^^  ^^7^  ^^ 
not  ferasnt  Isetose  for  froa  fotir  to  fourteen  dsya^  «nd 
produee  seeondiu^  colonies  on  solid  oulttire  aedis*     On  se* 
leetlTS  laediSt  muih  es  Bodo*s  media  or  eosinoflisth7leiie«bXue 
tkffop,  the  arffuilwm»  gl<ve  rise  to  a«idiia»»siced9  transltUMint 
and  eolorless  eolonies  whieh  are  flat  and  ^nerally  «BOoth« 
Mien  first  isolated  from  the  selective  aedia  and  pXaeed  in 
a  aiedliMi  eoirtalnlag  lactose  the  <»>|^BnisaHi  vill  not  feraent 
lactose  for  a  period  exeae4ing  four  days.     If  transferred 
to  anot!:»»r  tube  as  soon  as  acid  begins  to  appear »  the  period 
of  feraentation  beeossiB  ttooftmntA  and  by  otmsecutive  trans- 
fers the  <Mpganta«s  soon  fement  lactose  in  the  usual  period 
observed  with  K*  ooli» 

Correspondingly*  if  the  original  colony  is  not  isolated 


tTom  tim  pX«t«»  it  glT«0  riam  to  aeeoadary  colonics  which 
a|»pear  at  about  ths  aoas  tUm  that  lactose  fonMntation  b«* 
giiui  in  tha  fanaaatatimi  tube.  If  tbo  sooondary  papillae-' 
like  growths  are  oulttired  in  a  laetoae  aeditsai  it  la  found 
that  the  evig»T   is  fMnawated  in  a  msch  shorter  irreriod  than  a 
tube  of  lactose  fltediisB  which  has  been  inoeulated  with  the 
aother  culture* 

By  conditioning  this  laetose^feimmting  ability  with 
eooseeutive  transplants  throu#i  a  lactose  aeditm  until  rapid 
fernentaticm  occurs,  <hm»  nay  obtain  a  rapid  lacto8#->fernentf 
ing  strain  and  a  latent  feraientinc;  strain  fron  the  sane 
colony.  It  is  with  these  corresponding  pairs  that  this 
paper  deals. 

Sany  workera  have  described  this  orsanlaa  az«d  it  is 
possible  that  nany  others  working  with  the  colon-typhoid- 
paratyphoid  grmip  have  encountered  13.  coli-BBitabile  and  have 
failed  to  differentiate  between  it  and  thB  aewben  of  the 
paratyphoid  group.  Pothergill  (1989)  isolated  the  orgaalfts 
froa  stools  of  infants  suffering  fron  '*suaner  diarrhea"  but 
eould  not  plaoe  th«B  In  any  known  genus  of  gr«»-aegative 
intestinal  bacilli*  Be  described  thea  as  bein^  non««otilet 
uasble  to  liquefy  gelatin^  latent  lactose-feintasnters  or  non- 
lac  tose-feraenters,  and  acid  and  gas  producers  in  al7  sugars 
fexvented*  Their  pathogenicity  was  vaikacmnm     Kennedy* 
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0— i1ng»  •ad  Korroir  (1932)  l«olatod  •lail«r  orgftnlwui  tvam. 
routine  r«e«l  anal7*«»«  tyidiold  oarrien*  eases  of  intattl* 
nal  toaienia  and  nephritis*  Oim   organism  was  Isolated  fron 
smter*  I«vis  and  Hitehner  (1936)  obtained  these  atTpioal 
lactose -ferasntlag  orflsnlsMi  froM  yooag  efaieks  suffering 
from  a  disorder  sisulatinc;  pullorum  disease  and  described 
then  as  sraB<»aegetive»  actively  motile  and  uaoiq>sulated* 
Yhey  ooaolvided  froa  their  studies  that  the  organlsns  should 
be  considered  a  distinct  type  and  their  taxonoale  position 
ttomalA   be  intermsdii^e  between  the  colon*aero0»ttes  groi^ 
and  the  parat7plK>ids*  They  also  regarded  thm  as  pathogen!  e 
for  chicks  mnA  isainea  pigs.  Bushnell  (1938)  studied  the 
cultural  reactions  of  153  cultures  and  classified  them  ac* 
cording  to  Bsi^T  (1934}«  Of  these  13«7  por  cent  vorm 
elaesed  as  R#  ^a-unthalll  37.9  per  cent  as  IS,  col  it  44 .9  per 

cent  as  ^t  r^nWnfflW^^*  *^  ^•*'^  P**"  ^•'^*  ^"  A.  cloacae* 
About  3  per  cent  were  elassed  as  *'non<»gas*'  producers  on 

laetose* 

Bershey  and  Bronfenbrenner  (1936)  found  the  organls— 

to  be  quite  widespread  in  easqiles  for  routine  diagnostie 

proeedvires.  I«wis  (1934)  collected  his  organisms  from  soil» 

water*  feces  and  cheese  suspected  of  causing  mild  cases  (Xf 

food  poisoning*  Jones»  Oreutt  and  Little  (1932)  also  iao* 

lated  the  organim  but  obtained  it  from  cows  suffering  from 


infect  1 008  diarvhoa  ftlthou^  they  did  not  eonclude  that  the 
onpmiaa  vaa  tha  eaxtaatiira  arrant.     Panfold  (19X1),  stavart 
(1926),  Kx>iabal  (1934)»  x^lsu^ing  (1937)  aad  others  Imvo  ra«* 
ported  the  organlaa.      icDaniel  (1937)9  divided  the  orgaaiaoHi 
•athiblt'ng  dalajned  Xaatosa  feraiantatioii  into  two  groispa* 
aMael7»  "Slow  laetoae«»feraant8rs"  and  S»  eoll-wotabile* 
The  )>aaiB  tot  thla  Ilea  in  the  c»baervatl<m  that  while  S> 
eoll-wtotabile  glTea  rlae  to  aeeocvSary  colon! ea»  the  Slow 
lact oae-f ^wiiy^aaia  do  not  have  any  such  papillae-like  for- 
aationa* 


STOCY  OF  C0LT0RII8 


The  organ!  eoa  wnm  recovered  fron  the  inteatinea  of 
c^ickeoa  which  had  been  brouisht  to  Idae  Baeteriology  Depart* 
B»nt  at  Kanaaa  State  College*     The  routine  aethod  for  iso- 
lation waa  by  the  removal  of  portions  of  the  duodemaa,  the 
eeemn,  the  upper  intostine  and  the  large  Inteatiaeii  atreak- 
Ing  upon  eositt««aftthylei»-blue  agar  plates  and  incubation 
for  48  hours*     Coloniea  which  were  typical  of  the  mutabile 
type  were  iaslated  and  run  thx*ough  the  various  laboratory 
teats*     The  eharacteriatio  diagnoatic  reactions  of  S«  coll- 
■mtabile  are  aa  followa: 

B«  M*  B*  plates 

lactose 

said  aad  gas  (24  hours) 


translu(Mint»  etdorless  col<mies 

seeondaries  (4  days) 

latent  fementation  (4-21  days) 


8uoro»9 
iialtos* 
Indlol 

V 

Mothyl  rod 


«eia  and  (^as   (S4  hours) 

•eld  and  ^as  (24  hours) 

poalttv© 

nei^ative 

poaitlvw 

Simon's  citrate  a^ar  no  gpoirth  and  no  ehai^pi 
Oram  staia  nagatlYa,  ahort  rod 

Tho  or£^ni0ms  uaad  In  this  attM!^  wara  salaeted  on  the 
hasls  of  theaa  taata  and  «raro  consldared  to  ba  typical  of 
tha  gy  coXl-niftlftfr^^  group* 

fha  "Had"  form»  or  rapid  lactosa  farsMintlnf;  8traln»  waa 
than  obtained  f  row  the  parent  ctilttire  by  a  waadMV  of  paa« 
aagaa  throu(3h  laotoae  (1  per  oent),  tranafara  being  wida 
whenever  lactose  fersientatlon  iqpiMMHrad*    IRmri  theaa  organ* 
lema  fermented  laetoaa  in  S4-4^  Yi*yvm,  they  w«rm  crmsidered 
as  containing  e  c(»ialderar!le  miober  of  the  "R"  fora  and 
they  vere  placed  on  selective  agar  plates*     Fron  theaa 
plates,   "red**  coloni«a  -arere  Isolated  anf?  tested  for  tlwlr 
ability  to  ferawnt  lactose*     S/sxtdx  eulturea  were  "paired  up" 
with  the  •??",  or  parent  form*  fron  whi<»h  they  were  derived* 
Hiese  paira  were  grown  on  inorganic  salts  a^r  free  of 
lactose  and  kept  in  stock  by  covering  tba  slant  with  sterile 
mineral  oil*     Cultxirea  which  had  been  recovered  within  tha 


7»ftr  wmnt  usually  U8«d»  «•  it  v»8  found  that  "w"  fanm  put 
tn  «to«k  pxH^vlcHia  to  that  hud  reverted  to  »aam  extent  to  ttm 
•K*  fofB  and  did  not  glvo  t  a   :     o  a*gr««  of  «ootrast» 

Bteatiae  of  the  obvious  value  of  tn  early  identlf icmtlcm 
It  eeened  wSvlaable  to  devise  a  aet^od  whereby  these  latent 
Ifictoae-feraentlng  atgiuiimm  could  be  differentiated  fron 
other  oolon-typhold-paretyphold  typee*    Thla  neeeeaarily 
deaanded  a  knovledge  of  the  aetabolle  proeeaeee  of  the 
ogpfWilaBi  aa  eot^MMPed  with  those  of  the  other  types*    91th 
this  In  Bind  the  writer,  studied  the  (Mrganlan  B»  coli^nBrtwit^ 
from  a  standpoint  of  its  {ditysiGal  and  bioeheodoal  processes* 


BXOOfflKZO&L  STODISS 


froduots  of  P»mentatlon 


Ia"aS"iiflfa  as  the  organlSM  differed  froa  the  typiasl 
eolon  types  only  in  its  femsstatlon  of  lactose  when  follow- 
ing the  tastttl  laboratMpy  astlusds  cf  olasaifiestlon*  ths 
Xoigieal  mifj^^oauOi  to  the  problen  seiwsd  to  be  in  the  quanti- 
tative analysis  of  the  end-products  of  the  lactose  fementa- 
tl<m« 

Review  of  LiterataigB-  Jcmes,  Oroutt  and  Little  (19?^) 
sai^pMited  that  there  Is  a  growth  rstardati(»  on  the  part  <tf 
the  lootaMle  strmlns  and  that  there  is  an  alkaline  tapsdae- 


tlon  oeour3*iii0  upon  this  rotftrdation*    fhis  ttllmliiiity  was 
than  auppoaed  fm  the  authors  to  be  th«  iaqxMrtaint  faetor  in 
"■aakiJig"  tiMi  trua  jro]?»aatafcl<»i  and  givli^  an  obvious  latent 
action*    Handier  moA  Bronfazibrafmer  (1936)  tmmA  that  the 
anltlplieation  z«te  and  the  velocity  of  lactose  femsntation 
ware  influsaMd  by  ths  concentration  of  laotoiw  in  ths 
sMdiOB  s«dl  ttiat  the  effeet  of  the  rate  of  farasntatlon  was 
direct  as  «wll  as  dafMpndant  upon  cbaagss  in  the  rate  of 

In  ths  sHcesent  studies  it  will  be  seen  that  the  eon* 
eentration  <^  the  ingredients  of  the  culture  «N»di«  were 
quite  eoiuiistent  thxvu^hout*  thereby  elisiinating  any  error 
that  ai^t  be  doe  to  an  ineoosisteney* 

Bsere*  IXilaasy*  and  MicOMilson  {1956}  studied  ths  uti* 
limtion  of  lactose  by  B,  coli«yfii^bile«     They  found,  that 
the  slow  feyswwtiag  foms  utilised  seaall  quantitiee  of 
lactose  before  the  lactose  feraenting  variants  could  be 
d«SKmstrated»    Howewert  the  laot<MHi  femsntii^  variants  had 
to  appear  befom  an  appreeiable  asKwnt  of  laetoae  was  far* 
■ented* 

Little  otl^r  information  on  the  bieNtOMndLeal  analysis  o^ 
the  laetess  fementation  of  these  strains  has  been  published. 
Bowever^  Stei^hMinson  (1950)  gave  the  results  found  on  typical 
eolon  or^^nlsmi  and  it  was  deoidckl  that  iiuantitative  tests 


for  th««*  MBM  products  would  Xm  wppvapflatm   for  the  aut* 
•bile  strains.  KoM^r*  «ft©r  ii«vor«l  anftlyses  on  th*  fer- 
asotatloii  product*  of  «  lactonc-pcptcmc  broth,  it  hewam 
evident  thAt  th«  restilts  would  not  b«  algnif  leftist  unless  a 
oiotwn  Iwlenctt  could  be  eonputed*  fM.9  «ft8t  of  ooure«»  in* 
possible  as  long  as  an  ingredient  such  as  peptone  was  pre- 
sent*  This  led  to  the  adoption  of  the  synthetic  aalts- 
lactose  broth  from  iriiit^  a  carb<m  balance  could  be  calcu- 
lated* 

iMWliilini*^  ItfU^*  ^^  inorganic  broth  was  found  to 
be  a  suitable  basic  aisdiua  for  growth*  as  It  was  wall- 
buff srad  and  did  not  oootribute  carbon  or  ne««ssar:r  growth 
elements  that  could  not  be  easily  wsasnrsd*  To  this  basic 
nsdiua  was  atfted  mn  awailable  source  of  oarbMi  whi<^  was*  in 
this  case*  enoni^  Ittctom  to  oake  a  1  per  cent  solution* 
fhs  MsdiuB  ecnsiyted  of  the  fol  lowing  t 


l^TT^O 


liOl 


Irt^       * 


1*0    @8I« 
0*7   gjKkm 

1»G  gmm 
4*0  gn* 
Trace 
ICXX)  CO* 

10   0Slm 


XXstose 

Batches  of  4*8  liters  were  nade  at  oa»  time  so  that  the 
Florence  flasks  in  which  the  ferswntation  occurred  could  be 
filled  with  600  ec»  each*  Six  flasks  were  used  for  actual 
feraentation  studies,  while  one  flask  was  held  for  the  c«m» 
trol  dtoteminatioBS,  or  0-day  dwteminfttions.  These  flaslw 


wm  thBn  plug0td  with  eotton,  »t«rlll«fid  at  16  pounds  for 
IB  mlnutoa,  and  alloirad  to  stand  over  nl|^t  In  the  Incubator 
to  te»t  their  •torlllty. 

With  sterile  conditions  assured,  ths  flasks  were  then 
Inoculated.  Three  were  Inoculated  with  the  R-straln  and 
three  wl«i  the  eorrei^ondinc;  w-atrain  as  aseptieally  as 
possible*  Each  flask  was  used  for  a  complete  deteminatlon* 
That  is,  one  for  a  S^mj  analysis,  one  for  a  6«day  analysis, 
•bA  the  last  one  f <»•  a  10«day  analysis* 

After  incubation,  each  flask  was  attMtasa  to  a  sodiuii 
hydroxide  Absorption  tower  filled  with  glass  beads  and  con- 
tsining  0,1  »  HaOfl,  The  entire  systen  was  fitted  to  be  gas» 
til^t  MA  the  eolture  then  placed  In  a  S7'*C*  ineabator  for 
10  days,  taaples  were  then  reaioved  at  «ie  intervals  2,  s, 
and  10  days,  and  the  following  4eterBinations  ande:  carbon 
dioxlds,  lactoae,  lactic  acid,  sueolaie  acid,  volatile 
aeids,  alcohols,  tmA  snwowia  nitro^sn. 

Carbon  dioxide*  When  the  cultures  were  r— owd  frea 
incubation  they  were  placed  on  a  swetlon  and  CO^-free  air 
draim  throng  the  culture  for  30  niinatea  to  renove  ths  C0<» 
iAii«h  was  then  abaoxiMd  by  asaas  of  the  alkali  in  the  ab- 
sorption tubes,  (^M  hoadred  cc.  was  then  withdrawn  frow  the 
Florence  flaak  attainted  to  asather  sbaorptlon  tower  and  a- 
eidified  with  HgSO^,  fhe  saais  prooedure  was  again  folloeed. 
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alkali  removed  and  double  titrated  with  0*1  H  HCl,  tisiiig 
phenolphthalein  and  methyl  orange  as  Indicators.  The  non- 
acidified  culture  gave  up  the  "free"  or  uncoaabined  COg 
iritereaa  the  acidified  culture  lost  its  COg  whleh  vaa  in  the 
■coirtjlned"  foxro  of  carbonates*  However »  the  total  "free" 
COg  was  divided  by  6  to  give  the  COg  f  omed  in  100  cc«  of 
culture*  The  two  aaounts  (free  and  combined  CO  }  were  then 
added  to  give  the  total  mgjHi*  C(^/lOO  ce»  of  culture* 


Calculations:  Xgm*  CO  per  100  co.  =  HCl  x  norm  x 
mol*  wt.  of  CO 

pH:  Th*  pi!  wmm   detenoined  on  a  Horthrup  and  Leeds 
qulahydrone  pfl  potentiometer*  It  ie  considered  to  give 
results  that  cheek  vlthin  0*04  pH*  Five  to  ten  cc*  of  the 
eulttires  were  used  for  this  determination  and  the  usual 
techniqxie  was  msployed. 

Laotose*  Lactotw  was  determined  ooloriBwtrically» 
using  the  method  of  Folin  and  Wa   (1920)*  R^t^snts  were  pre- 
pared as  soggested  by  SHathews  (19S0)* 

Into  each  of  two  test  tubes  were  oMMunired  9*2  cc*  dis- 
tilled water  and  0*8  cc*  of  tlie  culttire*  Into  two  other 
tubes  was  asasured  9*0  ce*  water  and  1*0  oc*  of  a  standard 
0*08  per  cent  lactose  solution.  One-half  grm  of  Infusorial 
earth  was  then  a^led  to  each  tube  and  thoroughly  mixed* 
Each  sample  was  then  filtered  t}«ou|^  a  He*  2  filter  paper 


ftnd  th«  f lltarat*  oelUeted  *n  •  ©lean  <lry  te»t  t«b«« 

Daplloftt«  Magpies  of  S*0  oo.  of  •ftoh  filtnit«  «»r« 

MMitor^  Into  Poltn-We  sugMr  tubes  ana  2.0  co.  ellcallne 

««9P«r  tartrate  were  added*    These  tubes  were  then  placed  in 

a  boiling  water  bath  and  loft  for  six  nlimtee*    After  eool- 

Ittff  to  rooa  tea^porotui'e^  (or  for  two  or  three  «lnutes)  2»0 

cc»  of  the  pho9sfbttmalifi>^t9  solution  wae  acMed*     When  all 

bubbling  had  e^tmti  t3ie  ttibes  were  aade  vsp  to  vol^oie  (85  co. 

MUrt)  and  nixed  thsrooflHaily.    After  B  nlmites  the  unknowns 

were  e«»«iar«d  against  the  atandarda  in  a  eolorlaelNMr.     It 

was  often  neoeaaary  to  Make  up  two  or  three  sets  of  stand* 

arda  as  the  lactose  content;  In  the  esltt&rea  was  continually 

deereaslng  as  cultures  were  inoubeted. 

Calculations*    tag.  laotoae  per  100  oo.  s 

|ij|a<^Bg  <tf  standard  x  ag.  in  atofiCwd 
tiainavS  reading  x  fraction  of  100  cc« 

Laotie  Aeid.     Vtm  principles  Involved  in  the  detet»ina« 

tlon  of  lactic  acid  were  worKad  ont  ehiefly  by  >^ledsswm» 

Cotonlo*  aad  Shaffer  (1927).     Theaa  principles  are,  nwaalyi 

(1)  MBWval  of  Interfering  substances  by  ether  extraction, 

(2)  further  raaoval  of  Interfering  substanoea  by  reflux, 
(5)  oxidation  of  lactic  acid  to  acetaldehyfle,  and  (4)  etm» 
bimtitm  of  aeetaldehyde  production  by  baok»tltratl<m  of 
bisulphite. 

I^or  the  laetie  acid  and  succinic  aeld  detereiinations. 


It 


100  o<»«  of  (miture  wev  Uikma  trvm  tlm  flask,  plfte«d  in  mn 
•vftportttlon  dl«h  mai  •vap<»*»t«d  to  «{^rQxliMit*ly  15  oe«  on 
ft  stoftn  biith*     This  wfta  than  soidlfl«d  with  l^j^^  until  th# 
•ad«||H»lnt  <a  eongo-'rm^  was  roiMliAd*    Th«  aeidlfled  ftzid  oon» 
tfMHMtf  oultt)]^  was  thsn  talmn  np  with  aahjpte<ms  sodiiai  wul« 
fate,  plftcsd  in  a  Sos^lwt  extreotlng  thinbls  and  axtraetsd 
wpsr  night.     Ihs  atliar  was  bollad  by  Means  of  an  ICX)  watt 
toulb  fitted  Into  a  tin,  bQX«shap«d  unit  which  gavw  a  good 
oonslstsnt  Umpt^mtagm^ 

Aftsr  eztx«otlon»  100  ee«  of  distilled  water  was  adited 
to  tha  athar  and  tha  athar  bollad  off,  loaviag  ^Sm  axtraetad 
aatarlal  in  tha  watar*     this  was  than  dlvidad  In  two,  sot- 
ting asida  ooa  portion  for  tha  snocinlo  aold  datamdimtlon* 

Tha  other  half  was  than  laada  alli^tly  alkaline  with 
W^m,  bollad  for  ana  or  two  Miiiatas  to  break  «p  any  lactldea 
ttMl(  mmf  have  forasd,  and  aeldlf  led  with  lo  co«  of  2ia. 
phos^borie  aeid  and  5*0  oc*  of  10  p&r  eant  ataisaaese  sul* 
fate.    The  woliaae  waa  asde  up  to  about  100»l&o  oo*  and 
plaoed  In  a  500  eo.  Brlenneyar  flaak  which  was  then  plaeed 
in  tha  oxidising  appi^vatua  as  riiowa  below  t 


SOCTIO/s 


7b»  BHogMMMMi  salt*  incr«aa«  th«  rmf  of  cnddation  Mia 
ths  yield  of  ao«tald«h7tiUi  vhleh  1»  fcMnaed  by  oaclc!iitl<ra  with 
potcttaitm  panMBtfi^nata*    tha  aangaaaaa  aalta  aafi  pafanflt* 
flNita  raaet  to  gi-va  aangaalta  or  M  Hr>g  viiiflb  la  tha  affaotlira 
oxidising  a^^nt  of  Xaotle  aold.     If  tha  aanganaaa  aolphata 
vara  not  praaant*  tha  paiwmipiiata  wmxia  aonttnua  to  oxldiza 
tlia  aaataXdahTaa*    Yliia  prooadtara»  including  tha  aiEtraetion 
vaa  auggaatad  hy  Salaon  and  varlMUi  (1957  }• 

A  aXl^t  as»tion  vaa  appliad  at  t!ia  top  of  tha  ahsorp* 
tion  tovar  so  that  a  sl^v  curx^nt  of  air  vaa  olroulating 
thyoQi^  tha  9ft%tmm    Baat  vaa  than  tippXt^d  to  tha  ErlanEoaTav 
aontainlng  tha  athar  axtraot  and  ballad  slovly  vhlla  tha 

Kwm.  vaa  addad  drojp  by  dr«9«    Vhan  tAm  aaitract  no  longar 
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aaaaad  tha  pavioaiiganata  color  to  dlaappaar  fba  smo^  vaa 
lAmt  off  and  tha  aolutlon  bollad  tur  6  admitaa  longar*  At 
tliia  tlaa»  tha  air  currant  vaa  ahnt  off*  tha  blaitlphlta  and 
glaaa  baada  rlnaad  Into  a  baaletr  and  Isawdiataly  titrated* 

Tha  aseaaa  blaulphlta  waa  tltratad  with  a  1*0  H  lodina 
aolutlon  ualng  atarah  aa  an  iadlaator*  A  naall  Mfioant  of 
aodlua  biMtntwaata  vaa  ad<tod  to  the  solution  to  llbarata  t!^ 
a«ift}lnad  KitHSO^  vhleh  vaa  rapidly  tltratad  with  0*06  or 
0»i  8  atandard  iodlna  solution*  Thm  and  point  was  that 
point  at  vhioh  l^ha  color  pradnaad  failed  to  diaappear  after 
20*30  »efiai9.^8* 


Caleulatlons :  1  oe*  0«X  H  iodine  s  4*5  aigB*  Isotle 
*ei4  apB*  Xaotlc  aeld  per  100  ee«  s 
titration  x  4*6  x  2 

SQcelnlo  Aeld»  TImi  resMlnlng  <Mi»«tuaf  of  the  ether 
extract  wee  then  neutralised  with  an  exoeas  of  CaCO^^  heated 
«B  the  etean  bath  for  30  nlnutee  and  filtered*  The  filtrate 
contained  quantities  of  oaleiim  succinate  if  present*  The 
filtrate  was  tl^n  ein^porated  to  a  volteae  of  10  oe«  and 
ethyl  ale<diol  added  to  give  a  final  concentration  of  05  per 
cent  hy  ^poltuas*  Ihis  mis  placed  in  the  refrigerator  for 
•Ight  to  ten  hours »  filtered  and  washed  with  85  per  cent 
alcohol*  The  eruoiblea  were  dried  at  ICK)^*  and  weii^hed* 
The  weigtit  of  oalciusi  succinate  tlisfts  0*786  equals  the 
weight  of  saocinic  acid  in  tlie  aliquot*  This  method  was 
also  suggested  by  Selstm  and  ISMrkMnu 

C^culations:  il0n«  succinic  acid  per  100  oc*  wt*  x 
0*756  X  2* 

Volatile  Fatty  Acids*  Into  an  BOO  cc*  Kjeldahl  flask* 
there  were  Measured  60  cc*  of  culture »  80  gn*  of  NaH^PO^ 
16  cc*  of  concentrated  {tS&  percent)  i^osphoric  acid,  a  drop 
or  two  of  adasral  oil  being  added  to  prevent  ''bunijlag*'^  and 
about  300  cc*  of  HgO*  This  sdxture  was  then  placed  on  a 
dlstillati<m  apparatus  and  distilled  tmtil  10*0  oc*  of  dis* 
tlUate  was  neutralised  with  one  to  five  drops  of  kAoO 


lttoe«     fh«  fi3f»t  10*0  ee«  of  dlstlXlttt*  «»r«  tltrftl^rfi  with 
OJKl  8  mm  «ad  Mt  Mide  for  tdi»  DaoX««ac  (1895)  n»thod  of 
«eid  Idfttttlf  ieatlon*     Th»  r^eiainliig  di«tillAt«  was  also  tl- 
trmtflNdl* 

9b«  first  10*0  eo*  of  distillate  was  wmSm  to  a  100  oo« 
Ifolxam  »d  {>la«sd  into  a  £50  ee*  extraction  flask*    To  this 
was  si^«d  10*0  CO*  of  approx'    atoly  0.2  »  i%80^  along  witti 
a  pinoh  of  talsna  to  inmu'e  imiforsi  boiling*     *Stm  flask  wtM 
attaehsd  to  a  Ht^klns  CoaOsnssr  and  distilled  slovly  by 
hsatittg  witH  a  tamer*     ?hs  distillata  aas  eollsoted  la 
20*0  ce*  portions  up  to  100  ec«     BMh  portimi  was  titrated 
vith  0*1  N  moiim    9m  titration  of  100  oe*  was  ecnslAMPSd 
total  aeid  and  titrations  of  S0«  40,  60»  BO  and  100  wara 
ealo^ilated  as  par  cant  of  tha  total*     Ihasa  values  vara 
aoHf^amid  with  tliosa  fooad  by  Duelatix  for  pay  aeids*    ¥hs 
aeid  was  than  identified  as  th&t  lAiosa  rata  of  distillation 
it  aost  nearly  afuf^'Qa^had* 

CalenlaticBiat    l^gs*  aeid/lOO  s  Total  titration  of 

ealtura  x  nora*  of  KmOR  m.  nol*  wt*  x  fi* 

Aleoiiols*    To  100  GO*  of  etatiire  ware  a&Sad  40  m* 
laCl  and  a  few  drops  af  aiaaral  oil*    Thia  was  tb»n  dis* 
tilled  until  55  eo*  of  distillate  collected  fro«  the  oon- 
danaor*    To  the  distillata  ware  added  10  ee*  of  co^.fraa 
water  and  10  eo*  of  oxidising  solution*     (10  ga*  ^Cr^^i^  ^n 
70  gn*  GOg»frae  water  plus  SO  sr«  S^O^)*     This  ttixturs 
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««•  putt  in  A  860  oe*  fl«ak»  ftttfttiiAtf  to  «  Hof^ns  eondawiar 
Mid  rmtlwctA  tar  otm  hour  oirer  a  lo«  flBam*  ¥hl«  convertiKl 
tho  alcohol*  paraMKtt  to  tt»  volatile  aeld  who99  oarbon  at  cm 
e<»itant  waa  tho  aasio* 

The  aawi  faro— duro  was  than  follovotf  as  for  the  eal<-> 
oulatioaa  of  volatile  aeida« 

Calculation* t     M^a*  alcohol  per  100  cc«  s  Total  titra- 
tion X  norraalltTf  x  awl,  wt,  aloohol* 

AMMMii*  V^*    ABiRMmta  nitrogen  vaa  OoterBlnod  by  the 
Kjoldabl  nel^MMS*    Ton  ottblo  oontlaaters  of  oulttire  wvm 
taken  for  the  deteralnatloa  and  plaead  In  a  KJoldahl  flaak^ 
aaott^  water  bolog  aMtod  to  nalca  a  voliana  of  abotit  200  o«« 
Thlfl  waa  then  plaood  on  a  diatillatlcm  apparatna  and  10  oo* 
of  atandard  S/lO  ^^^^  «•*•  aMiaaaywd  Into  a  reoelvlng  flaak 
and  flMtdo  wp  to  a  volume  of  approztnataly  l&O  eo*     The  tip 
of  tiM  tv3b»  tram  the  eoodwaaor  waa  tiwwir— d  in  the  aeid  ot 
the  reoeivii^  flaak,  the  culture  awiAe  allfjhtly  alkaline  with 
laoe  aad  the  aolution  boiled  for  ten  or  fifteen  Blnutea* 
Ifeet  of  the  ennonla  3    ia  dlatilled  off  in  the  f Irat  ainute 
but  boiling  la  eont limed  for  mmm  %Um  to  ecnplete  the 
proeeaa* 

The  aeld  in  the  reoeiving  flaak  waa  then  titrated  with 
atandard  alkali*    Prea  thi*  titration  the  a«oiiat  of  aeid 
treed  waa  calculated*     The  wnwcwiia  H^  »«•  the  only  eouree  of 


Bitrogsn  ftvailsbXo  to  the  organlsraa  so  Its  utilisation  warn 
B*ttrl7  a  direet  aMMunowmnt  of  aotabolio  aetivitlea* 

Caloxil&tionaf     Mpi*  MMOBift  1^  par  100  co«  *  ce*  H2S0^ 
wwS.  to  absorb  roig.  x  factor  x  10, 
Factor  ft  %«•  Ig  taken  19  by  1*0  cc» 

Baawlta.     Tablea  1  to  6  giv*  tha  raanlta  of  an  analjwla 
of  tha  prodttcta  fonaad  during  tba  faincBtation  of  laotoaa* 
tim  0«Aa7  coltsan  la  for  tha  raatilta  of  tha  uninocnli^atf 
broth »  which  a«a  tha  a«na  aa  tha  othar  six  ataaplaa*    Tim 
fioday  eolnan  iaSieataa  tha  reaalta  obtalnod  from  an  analysia 
of  broth  In  mAiloh  Vhm  oi^a^uilama  had  jc^oan  for  S  daya»     Tha 
aaaw  la  tsrue  for  tha  S^day  coXujsn  which  la  for  a  5«day 
broth  eultura»  moA  tbm  10-day  la  for  a  10  day  broth  cult\sra* 
fha  f Igwpaa  for  total  carbon  near  tha  bottom  of  tha  tabla 
rapraMiit  l^ia  total  oaxtson  acwooatad  for  in  t!mt  parti  etslar 
aanpla*     Tha  paroantaga  of  carbon  which  vaa  racovorad  in 
tba  and  product a  la  tha  raault  of  tha  total  carbon  of  that 
particular  sMpla  dividad  by  tha  total  carbon  calouXatad 
for  tha  <»>iginal»  or  0«day  sMspla*     All  results  inclt:^ad  in 
thaaa  tablaa  era  in  tasna  of  aiUigmNi  parentage  or  nilli* 
par  100  ce«  of  culture* 
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B^fffi^lQn,    Tbm  bioeb«ad.oaa  ai»ly»*8  of  the  ond* 
IHNidhMits  <^  Xftoto8«  f«i>tn»nt&tion  aecmmtflK!  for  i^i*t  ai^t 
tMi  oonsidered  all  of  th»  oarbon  ialtlat«di  into  tl»i  nttrlont 
iwidliiMi*    tbrn  *W*  Btrtkin  in  9m«^  ea««  exhibited  latent  for^ 
nation  ^  total  aelda  and  eax4>on  dioxide »  although  «Mall 
ununtfl  of  theee  were  produced  by  the  second  day*    Hoeever* 
the  aaraoBt  of  aeid  cmd  gee  wtm  «Ball  and  would  not  be  euf* 
fleiea^  to  produce  the  visible  ehanaes  anfMOvat  la  the 
acid  and  gae  reeetlon  of  the  fementati<m  tube* 

l^wir  of  the  ox^fSoiieaiB  sttidied  did  not  produce  suoelnie 
aeid  either  in  the  *lt"  f ona  or  the  ^'w*  f  om  bat  produoeA 
lactic  aeidy  tirtiereaa  t^be  other  two  orsaniame  did  not  fora 
iJMtic  acid  but  prodtHMkl  iQwat  quantities  of  sucolnle  acid* 
9his  production  of  succinic  acid  mmj  be  due  to  an  looreaeed 
•eneentration  of  carbon  dioxide  in  theee  tvo  cultures »  as 
«ai;;g»«tetf  by  Slsden  (1986)  altluMifl^i  the  neehanieal  set*«^ 
was  the  mum  in  eaoh  case  and  the  carbon<>di  oxide  was  f  oreed 
out  throu^  the  absorption  tubes  in  an  identical  Mnoer 
in  eaife  culture* 

iBf  differeneee  other  than  a  delayed  action  in  the  *'"* 
f om  were  fotuid  between  the  *R"  and  "tfr**  cultures*     By  the 
ead  of  ten  days  inei:A>ati(mt  it  mis  found  that  the  *ir* 
strains  had  utilised  the  same  sasoont  of  lactose  as  the  *B* 
strain* 


Birt—  af  Ltfwrtaaf^    S«v»j«l  worker*  slnea  Stl»8«r 
hav»  «tt«mpt»<l  to  i*ein9mMi  tA»»  norstal  dissoolatlon  prtWMMNMS 
*f  g*  coll-qtfcl^le.     That  is,  th«7  hap«d  to  get  th»  tTploal 
laetoa*  femswutlng  •train  to  glir«  ri«o  to  th»  latont  for* 
mntlng  variant* 

^{•isaar  (1906)  o«wad  tta*  reversion  in  cm»  oaaa^  by 
waaiajr  paaaagaa  throogih  phenol  agar*    Hcwver^  he  ooold  not 
repeat  the  experSment*    Harahey  and  !^^«Bfanlii«nnar  (ldS6} 
nMA  a  a^mthetio  aedlum  vith  aodlaai  auoolnata  aa  the  sola 
•ouraa  of  oarbon  to  revert  tha  natation  aad  reported  it 
auooeeaful*     Similar  reaulta  were  obtained  by  mnnlng  (1337) 
who  oultivated  tha  organima  in  peptone  water  for  21  daya* 
Levis  and  Bit^uier  <1936)  failed  to  ohange  the  rapidly 
fanwntiiig  type  by  groaing  in  a  lacto8a«>frea  nadiim  for 
four  Mentha*    Bi aentwrg  (1010)  exposed  B*  colt  to  petrolenn 
ether  for  one  and  one-4ialf  houi*«  and  produoad  antanta  wMeSa. 
laaleed  I9ia  poaer  <^  laetoae  faraantation^  and  renainad  thoa 
affeetad  for  SO  generatima*    B^mgaatar  and  Andaraon  (lOSl) 
vara  able  to  prodnoa  an  unstable  non^laotose-fementlng 
strain  froo  a  laetoae  fanaentar*     llellon  (1925)  reportad 
having  tranaf  orswd  a  typical  strain  of  g*  ooli  into  a  «rat* 
abila  foxn  by  oontitxaed  mativaticm  in  glyoerin-s^iosphata 


bs*oth« 

la  a  r«vie«  oit  wcutfam  tmriatlon^  iJi^ldLn  (1^8)  0t*t«d 
that  utomn  «loraav;ptiilMui  i^roduee  maxymm  ^  MQEE*  o^"  ^n  ^i>i^ 
er««s«4  MMonts  la  tha  praaaxioa  of  apaolfle  aubatrataa,  thay 
■ay  ba  lootead  upon  aa  aacaiqslaa  of  eliamieal  adaptation*     Ha 
stated  ftirthar  that  tfhan  atutTias  productloa  Is  aaaoalatad 
with  tha  praaanea  of  Ita  aubatrata»  it  is  ragaviad  aa  poa* 
alb]Ui  throm^  (1)  aatural  aalaoticm-^ganotie  nutatloa  or^ 
(2)  ehanioal  adaptation-«aa  rnvmram  ariaiag  aa  a  ara^paoaa  to 
Ita  tfhaiaeal  »nvlra—wt»     Xaiasar  (1906)  and  Maaaini  (1907) 
toasidarad  B*  eoli-rautabile  aa  a  antatlon  In  tha  •vnm%  of 
DaVriea»  vharaaa  Lavla  (1934)  oonoluded  that  tha  laetosa 
aots  as  a  saleetlva  agant  but  does  not  ajiart  a  apaoifio 
axaltiag  stlaulus  to  variation*    Ba  also  found  that  lar^ 
inoeula  apaaJad  up  tha  favaaatatioa  of  laetoaa  and  oon* 
attidad  fStmt  it  «aa  baaauaa  of  «  ipraater  xtaaAfT  af  tha 
antant  foma*     Panfold  (X9I1)  baliavad  that  ansyMia  froai 
■ntants  do  not  baaosM  loat,  bat  go  into  a  ninority*    That 
is»  thay  ra4»a«S  until  their  affects  ara  nai^igibla*    *niaaa 
reports  did  not  Indioata  «all*establishad  faeta*  ao  it 
aaasiad  aaaaaaary  to  attaespt  to  sinmlata  eonditiona  which 
■Ight  oeoor  aithin  tha  intastina  of  a  nomal  ehlolcan«    fhat 
is»  to  establish  a  aadiuai  in  vhiali  aa«aal  colon  strmlaa 
■Igbt  ravart  to  an  ttnstabla  antabla  form  msatSL  at  tha 


tla»  Afford  mmt  onllgiMMHnMit  upon  tiM  stability  of  th« 
moMyam  •7«t«n« 

Sapierigwntal  Mattel*     In  an  attaiq)t  to  cauaa  tha  11* 
tatnM  to  ravart  to  tha  original  ()7«-fovmi)  eharaotera*  tba 
aarginta—  w&f  gpcmn  in  brotha  in  which  tha  (mly  aoureaa 
of  aar1>oa  vara  altbar  aadHvn  auaoinata*  aodlvon  gltitarata^ 
or  aodiiBB  fpLntaaata* 

Tha  following  aynthatie  baaa  aa  gixMin  by  Sfghanaan 
(1980)  was  fooMl  %a  ba  aatiafaatasrf 


g04*.  7  BtO 

Iron 
aatar 


0«1    0»» 

0.07  gn* 

0»1    gM» 

0»4  gB» 
Traaa 
100  ee» 


T«  tbis  baaa  vara  adtfad  tha  aadiua  aaltt  to  giva  a 
final  eooeantration  of  1*0  per  oant*     inooulaticms  of  both 
^B"  and  "w**  foma  and  a  typieal  eolcm  typa  vara  Btado  and 
tlM  tidMa  laaidMfsad  for  thx«a  days  baf <»ra  transfar.     This 
vaa  aontiauad  for  46  day*  vhila  aoaifiHMthylene-bltia  agar 
plataa  vara  pourad  at  fraqixant  interrala. 

aaaulta*     Attan^ta  to  oauaa  tha  typical  laetoaa«*far<- 
aanting  colon  strain  to  giva  risa  to  tha  Xatant  famantiag 
strain  andad  vlth  aix  atralna  ahovlng  Inhibition  of  laotoaa 
fanaanting  ability  tea'  from  2«4  days  af tar  graving  than  on 
•adiiat  aalta  of  glntanio*  glutarlo  and  auoeinie  aeids  for  a 
period  of  aix  vaaka*     On  aoaiiiHaatliyl«aa*blua  agar  plataa « 
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tha  colonlaa  ware  colorlftoa  and  typical  of  thm  lat«nt«f«i*» 
■•ntlng  atraln,     Howaver»  after  2-4  days  thay  rotuiiwd  to 
thalr  original  itpratavaeam  on  thesa  platoa  and  famantod 
lacttMia  rapidly  wlMin  tranatarrod  to  fersaantation  tubaa* 

Thaaa  raawlta  lad  tha  wrltar  to  ballaira  that  tha 
■atihanlSB  of  Inctoaa  fanmntatlon  waa  ooa  of  aalaotion  and 
that  althou^  tha  ^usyna  raapemalbla  for  tha  famastation 
of  lactoaa  ia  Inhlbitad  by  tha  growth  of  ttia  orgaalaB  on  a 
laeto8a*fraa  wmeivutp  it  la  not  cosipletaly  lost  and  will  ba« 
ecna  a  daniiMuit  of  aotimi  eharaetaristie  whan  tha  organ!  sai 
la  again  put  in  tha  preMincB  of  lactoaa* 

itawlav  of  Litaratura 


Xweis  work  mi  raaidratory  muKfmm  haa  baan  dona  alnea 
iMiginning  of  tha  aantxary*    Wialand  (1913)^  Quaatal  and 
iRivthaa  (1980)  and  9^miltmmm  (IMS)  wara  ploaaara  in  tha 
f  laid  of  tha  atudy  of  ra^iratory  ansynta*  and  thair 
tliaaviaa  mOi  worka  ara  vary  ably  dl seuaaad  by  Staphanacm 
(1939).    Two  dlatlnct  typaa  of  raaplratory  ansyaaa  atudiad 

wara: 

1,    Tbm  d^qftfrofipanaaaa  whloh  aetivata  t^  hytarogan  of 

ovflMie  aolaafulea* 
e«    Tha  oxldaaaa  which  aetlwata  nolaeular  oacyom  %« 
aaaapt  hydrogan* 
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Wleland  first  put  forward  the  theory  that  biological 
"oxidations  consist  in  the  cataljrtic  transfer  of  hydrogen  to 
some  reducible  substance.  When  oxygen  enters  Into  the  oxi- 
dation of  the  molecule  it  first  forms  a  hydrate  and  is  sub- 
sequently dehydrogenated .  For  example,  acetaldehyde  oxi- 
dized through  its  hydrate  to  acetic  acid. 

This  catal3rtic  transfer  refers  to  the  activation  of 
the  molecule  to  liberate  its  hydrogen  or  to  the  activation 
of  oxygen  to  receive  It,  or  both.  If  the  reaction  is  under 
aerobic  conditions.  The  former  activity  is  termed  "dehydro- 
genatlon"  and  is  catalyzed  by  "dehydrogenase".  The  activa- 
tion of  atmospheric  oxygen  is  termed  "oxidation"  and  the 
enzyme  is  called  "oxidase". 

Some  organisms  such  as  B,  coll  have  been  found  to  have 
as  many  as  fifty  or  more  separate  dehydrogenations  and  It 
would  seem  that  it  would  be  necessary  for  the  organism  to 
produce  as  many  enzymes,  Quastel  (1926),  however,  has  sought 
to  avoid  this  multiplicity  of  enzymes,  which  act  in  the 
capacity  of  dehydrogenase,  by  suggesting  a  general  mechanism 
which  accoxints  for  all  of  them.  In  brief,  the  Quastel 
theory  depends  upon  adsorption  of  the  molecule  to  the  cell 
surface  (internally  or  externally).  This  results  in  an  In- 
activatlon  by  which  the  configuration  of  the  molecule  la 
altered,  TSiia  alteration  causes  a  gain  or  loss  of  hydrogen. 


Seilin  (1929)  give*  a  discussion  on  the  nature  of  the 
oxidases,  whereas  Hopkins  (1926)  covers  the  characteristics 
of  the  dehydrases.  It  would  be  quite  useless  to  atteiapt  a 
mmary  of  all  the  work  done  in  this  field.  The  essence 
of  the  work  is  •uHn«rlzed  by  Krebs  (1958)  In  his  three 
formulae : 

1.  Substrate  ■¥   carrier  -^    reduced  carrier  ^  oxidized 
substrate* 

2.  Reduced  carrier  -f  Og  — ?>  carrier  -4   HgO, 
Oftrrier  and  r«#aeed  carrier  cancel  out  leaving: 

3.  Substrate  ♦  Og  ~»*  oxidized  substrate  *   RgO. 

It  has  been  quite  well  established  by  ICeilin  (1938) 
that  the  substance  acting  aa  carrier  in  aerobic  resplra- 
ticm  is  cytochraae.  That  is,  hydrc^en  is  not  directly 
transferred  to  oxygen  due  to  the  ©feat  span  in  oxidation- 
reduction  potential,  and  therefore  cmst  be  carried  by  an 
easily  reducible  compound*  Cytoohrone  within  the  organism 
acts  in  this  capacity*  Th»   cytochrosM  is  reduced  and   is 
then  acted  upon  by  the  oxygen  which  has  been  activated  by 
oxidase  and  gives  up  its  hydrogen  to  it*  This  reaction  any 
be  stopped  at  various  stages  by  certain  poisons,  but  since 
they  do  not  apply  to  this  investigation,  I  shall  not  discuss 
them  here* 

Besides  the  production  of  water  in  the  final  hydrogen 


transfer*  qtuantities  of  hydrogen  peroxide  are  formed.  It 
appeared  that  there  oast  be  either  a  great  peroxide  toler- 
anee  on  the  part  of  the  organ! ma  or  some  aetiMmlem  for  Its 
dieposal.  This  reasoning  led  to  the  inveatigation  of 
catalase,  axid  a  silqjie  method  was  devised  for  the  detex^ni- 
nation  of  its  actlTity  in  an  effort  to  determine  the  re- 
lationship of  its  action  to  the  two  stirains  of  S»  coli- 
■ttti^ile, 

Sxperinental  liethods 


Reduction  testa  wex«  run  on  the  organisms  using  the 
■sthod  of  Thunberg  (1920)* 

A  48  hour  culture  of  organlsiBS  (both  "R"  and  "W")  was 
suspended  in  saline  solution  and  wairihsd  three  times  by 
eentrifugation*  aiade  up  to  a  suspension  of  20  times  the 
turbidity  of  MoFarland  nepheloB»ter  tube  nunSMr  1,   and 
aerated  by  passing  COg»f ree  and  sterile  air  through  the 
cultures  for  20  minutes* 

A  wire  grid  was  arranged  within  a  large  desiccator  so 
that  ordinary  test  tubes  could  be  held  under  water  and  up- 
ri^t  against  the  inside*  lliis  aade  it  possible  to  see 
t^M   reduction  tests  store  easily*  tRie  water  was  held  at 
37°-3aoc,  and  the  tubes  were  then  filled  with  the  following: 

1«0  cc.  suspension  of  organisms* 

2.0  cc*  buffer  solution  KgHPO^  -  KHgPO^d^  7*4) 


1*0  00*  of  l«-5000  «»tl}7l«no«^lii»  (H«MMMptor) 

1«0  eo«  of  hAoo  (n«dot«itor} 

Th«  air  tms  tScmn  «xp%Xlm6.  from  thm  d««ie«fttor  bj 
mtotloB  and  tlna  for  oa(qplot«  r«duetl<m  of  the  aMthylaiMM- 
bliaa  to  the  colorless  l«ueo*4MUMi  wm  dbmttV9A» 

the  hyflgftgea  danatora  tiaed  veret 

Sodiiim  glutUHtta 
A»araglni 
daiaetoaa 
ftadl'un  auoelnate 
Sodltna  fiaarata 
aUneotm 
Sediun  f  oraata 


ftodlun  lactate 

Sodium  oitreta 

OlTeerol 

aalteaa 

Sodioa  jyyruvate 

Gfatiaaa 

Mnailtol 


The  oKldaaa  ayaten  was  attidied  bf  the  oMfg/m  tq^taka 
of  the  orgaalaiaa  aban  1&  tba  praaaaaa  ef  thaaa  ^ganle 


aodluB  laetata 
aiyioaa 
SadiuM  eltrata 
SodlvM  anoeiaata 
Soditas  foaarata 


SodliM  f  onaata 


SodlvBi  pyruvate 
Sodiiai  aaat«%a 
Cyatlana 


fha  MaitMys  apparatus  waa  uaed  for  thaaa  latter 
atudlea*  It  consists  <a  a  aoaataBt  tavparature  bath  with 
shalnar  atta«laaaa%s  flaaka  to  raoelva  orgaalaaa«  buffer  and 
aubstrattia»  aiMS  with  a  oup  for  filter  paper  aoakad  with 
aodiua  hydroxide  for  absorbing  the  CQl  as  femad*  Laadiag 
from  thia  flask  Is  a  ealibrated  U*ehaped  glaaa  tnbe  which 
eoataina  a  fluid*  (Brodia  aolutlon*}*  Thia  fluid  will 

s9ha  aaayoattiott  of  Srodie  solution  is  as  f  oil  ova  i  600  ee* 
water #  88  ga«  !laCl«  5  ga«  aodiun  tauroglyoocholate  and  a 
f «i  drepa  ef  an  alcabw^^  thyaol  aoXutlon# 


rlM  or  fall  In  tb»  oaUbMtod  U*»tub«  witsh  a  dUtmvmnm  e^ 
prssatur*  between  tiM  Interior  of  th*  v»«8*l  Mad  tfa*  outer 
alr»     Wwa  the  orjint  ■»  utlll««  oacfg^n  ftnd  produce  earbon- 
dioxlde,  it  is  mhrnaibtA  b?  the  soaiiw  hftfrtalde  in  the 
Imwr  cup  and  the  aetoal  oacyi^en  upteJet  la  vma^maewA  l»f  a 
rlee  of  the  fluid  in  the  U»tiibe» 

Oitelaae  aotiyltiea  were  etndied  by  deviaias  a  aiaple 
Metdwd  for  the  qaantltatlve  detexwliiation  of  oxygan  freed 
froB  a  definite  asnoont  of  hydrogen  peroxide  added  to  the 
auapension  of  ovgattiane*    fhla  wae  done  by  the  «tiUsatieB 
of  the  wastarg  apparatua*     one  ee«  of  eulttire  vaa  plaeed 
in  the  flaak  and  2.2  oo*  of  buffer  solution  added.     In  thm 
aide  ar«  «aa  plaeed  0«&  ee*  of  hydrogtn  peroxide*  ehi^  «•* 
poored  into  the  flaak  aa  aooo  aa  the  eontents  had  reached 
a  constant  ttuperature.    9he  eatalaae  proAwwdi  by  the 
evflaaXaw  aplit  the  hydrogMi  perc»ide»  eattaed  a  H^vdontlon 
of  tv—  oKfsm  and  eolMMquent  intexnal  preaaure  ehloh  f  oreed 
«t)e  liquid  in  the  U«ti^e  diwiwsud.    Sinee  the  voluaa  of  the 
flaak  ia  known^  the  aao«Bt  of  gaa  freed  oould  be  ealeul«ted« 
A  eoH^arlaffin  of  the  "H*  and  *«"  atraina  »ae  aade* 

Seaulta 

tsablea  7»  8  and  9  eontain  the  data  dbtained  in  ttM 
•md^  «r  nm  M^lratory  empwN    1^  anaei«bte  difaydro* 
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float  Ion  or  t««l-v«  orgaaie  ttdHpomd*  bj  "R*  «nS  *w"  fotas 
is  iSiova  la  fe«ble  f,  «h«n  th»  r«i«it«  ay*  vmm&v6m&  «•  tint 
K<99alr«d  (ia  wimitti)  for  the  asthyXMM-blus  to  aee^t 
liydvoedo  oad  to  beeon*  e^afpletoly  radniMd  to  ft  louoo^b&se* 

A«roble  oxldMMi*  ware  not  attidied  from  m  •tandpoint 
of  h^fOiroiian  lup«asf*z>»  bat  tram  a  ataadi>oint  of  (ajgmk  up* 
ttiBa,  and  tabla  d  irtioira  tha  x^aults  of  tham  atiidlaa*     Th& 
ozTgan  takan  tqp  by  tha  organlasia  la  tha  prmmmnoti  of  ^mrioua 
aubatrataa  la  tabttlatad  aa  edible  milliaatera  of  oacygtft* 

Tabla  9  ahova  tha  ralativa  aaaaaaraaMnta  of  oatalaaa 
activity  in  aix  palra  of  S»  eoli«TOitabil.a»    Sinea  eatalaaa 
aata  dis^aetly  upon  hydrogMi  paroxlda  to  libarata  oxygon* 
tha  naasuraawat  of  thia  llbaratad  osyQtn  ahoald  ba  a  da« 
taiMiitatioa  of  tha  eataXaaa  aetiilty*  if  all  othar  faotora 
are  oonitaat*    Tha  roaulta  i;iv«n  ara  in  tarna  of  eubio 
odlliawtera  of  oaEyean  llbexi^tad  voAmv  constant  tMq»ai«tiira 
•ad  praaauM^  aad  with  aqttal  asoiiBta  aad  aoaaaiitratiaaa  of 
bacterial  aaqpMMiioe  and  hydrog^i  peroocida* 


Oiaoaaaion  of  tha  Itaayna  Syataai 


Tbm  raanltB  of  tha  studiaa  cm  tha  raapiratory 
hwwitfit  to  li^ht  amsr  intcHpaatin^  faota  aMeh  nay  aarva  aa 
a  baaia  for  forthar  invest Igat ions*     Khan  a  eoo^iariaon  ia 

of  tha  roaulta  of  tha  dahydroQaaaaa  activity  and  tha 


^ 

1 

1 

^^^^^^^^^^^^SS 

«s     »>     W 

«       r4 

* 

*  •  a  •  a  e  ? 

^^^^^^^^^^^^^1 

•• 

^^^^^^^^B 

^^^^^^^^^^^^^^^■^^^^ 

K       to      t> 

10      10 

CD 

«*  S  S  :3  8  g  e 

^^^m     s 

*• 

^^^H 

^B  1 

BS       H      0 

»       <M 

01 

^  S  8  •  8  8  g 

•• 

^H  ^. 

cc;     01     CO 

Ok      to 

»3 

^  :3  8  *  §  e  g 

1 

^^^^^K 

m 

^H 

^     <«    «i 

m    m 

fl» 

•  a  8  •  8  g  P 

gl 

^■^       %  8         g 

•• 

^ 

H        1  s     ~ 

==  '^  a 

^    to 

<0 

:^  Si  8  a  8  g  8 

^ 

■        11 

!»       10      IO 

r-* 

CD       ^ 

10 

«     «    «     o     *     ft    ft 

1 

K       iO      "# 

CO      w 

-* 

10    a>    «    CO     •     <o    tfi 

fl 

r     i\  • 

•H                 ^'    »> 

J 

to     H 

«    « 

01 

"  t    '   9    '   f  ft 

5 

«  9  a 

10     to 

«- 

■»      •      1     a      <     ^     ^ 

IH 

1        i^ 

»« 

.  J 

Bl      »"      O 

H 

CD      10 

a» 

«   o   «   .   5   g   J 

^1 

■                                   "^     B                 (C 

•• 

^H 

■                                      .    *"                 ^ 

fl 

B 

K      t-      t- 

r4 

S      •" 

f4 

"   S   1  •   8  8    • 

9 

B 

•• 

^B 

^1                 '^ 

v^l 

B                 ^ 

s 

B'               *^ 

2 

H   5  a 

2 

1  i  •  *  ^ 

i 

^H 

■       m     " 

• 

S       «       ^       «       9 

1   ^   1  1   ^ 

H   1   «  1   8   ^ 

^^1 

\     i    1 

Q 

1 

B 

'     1    1 

B   f 

• 

A 
O 

1    8    B    B   8   S   f 

^1 

Zi      Si 

a    o 

«> 

g        iH       <H       «<       «4       <H        4» 

^^^^1 

1 1 

3 

1  1  S  S  1  1  J 

3 

I 


i 


%  • 
el 

St 


11 


o 


?r: 


K 


&2I>8I    •    SRS 


r4      rHI 


gs^sga  isss 


t*  Ck      O      to      (M 

10      I     10     to    H    »a 

HI  #<«      r4       H      r4 


flO 


•        H 


§ 


«g8g88SgS 


a   fi 


r4       f-< 


oaeaojwwojH 


S  2  S  S  ti  i  §  »  »  s 


*     *     fi 

4>       49        fl 


J>        4> 


1^  ^   s 


o,    u    u     0     m 

ISIBIIflll 

O«l«>eaiow«}o3o*3 


QAtaliifi«  activity  •«  aM«eir«<S  by 

\ 

1 

^^^^B                OPt^aniam 

',                   G.  'n#  0Ky£;<m  liberated 

1 

^^^B 

214.0 

gi 

^^H                  Mil  W 

197.0 

fl 

Hff                       4ISA  R 

049«O 

s 

M                          4UA  W 

MX«0 

J 

M                           414A  8 

ia««o 

''fli^^^l 

K                            414A  V 

130  .0 

fl 

B                       8788A^A  R 

152*0 

fl 

B                       8786A^A  « 

lfi6«0 

^^1 

B                            «ltAB 

IWUO 

n 

B                    4asA  V 

lfiO#0 

H 

B                       m  n 

45*0 

fl 

B                                  K6  '^ 

9§*0 

11 

^^K 

1 

e»l<3hn#  v«ftetl<m8  wh«n  pl«e«d  in  th*  pf—tmm  at  vwrlotta 
«ngmi«  oaafMOBSs*  it  is  Men  tlmt  t9i«r«  la  a  eanwltttioa 
in  all  o&a«Mi  mMtm^^  pantepa*  in  tha  eaaaa  of  aoctlun  aea«> 
ttktm  aatf  laotoaa*    Tha  fovtmv  la  nearly  iametiva  aa  « 
hydrosaa  tfemtor  taliaa  «nA«r  aaafarbblo  oonditlona  (ahaa 
■atbflaaa*bli>a  la  tha  IMuiaaptor)»  atoavsaa  It  ranka  with 
•aaeinata  and  pyruvata  vlian  OKfem  MMapta  tha  h^vlrogaii* 
fhia  aaj  poaalbly  ba  dua  to  tba  diffaranoa  In  oxidation* 
yaAoetion  potential »  or  may  l>a  doa  to  an  lidiibltlan  of  da«» 
lljdfwgaiiaia  aotlirity  ahan  oaqwaai  la  abaant*    This  lattar 
mmf  ba  a:q;»lainad  by  tha  naaaaaity  of  aeBy^an  for  tha  f oma- 
tion  of  tha  Intamadlata  hydratad  fonw  «hioh  would  ba 
naaaaaary  for  tha  aaa<Mid  atap  leading  to  dahj di  agatiatlcn* 

Ttm  eaaa  of  laatoaa  la  a  alinllar  one*     it  did  not 
MKtribata  to  tha  reduction  of  aatli|la»a«blua  in  leaa  thaa 
90  Minutea  and  yet  it  waa  fairly  aetiva  vndar  aerobie  ooo* 
ditlona*     In  no  caae  wmm  it  definitely  eatebllidiad  tSuit 
tha  "H*  fom  or  tli»  *«*  fom  differed  eenaiatantly  froa 
•Mfa  fltSiar  in  ttiaaa  ragarda»  with  tha  poaaible  MEsaotloB 

tlon  in  Uila  eaaa  «aa  very  all^t  and  not  al^if leant* 

The  raaulta  obt^aad  by  the  pannlte  t«Bt  for  oata« 
laae  are  quite  aalf«a3qplanat<n>y*     It  la  evident  that  there 
la  no  differanoe  in  tha  eatalaae  product i<xi  of  the  two 


Ml*    fbam/^ntTf  it  I0  Int foresting  to  note  that  th» 
mpfjtnimm  m  all  well  able  to  tofotlk  ^mm  the  hyttMeon 
pMKoclda  f onMd  by  the  oxTsan  «h«R  ttooapting  isytangm* 

SSBOLOGIIGAL  STOOTBS 

8«relttgi««I  atudlea  are  of  tan  uaatf  for  elaaalf  yiag 
MMbaani  of  tha  eolon«-t^bold-perat7phoid  ipfoap  nd  tliay 
alao  giva  aana  indioation  of  oharaetarlatie  protein  8trae« 
toM*    Thia  vocaa  aaan  to  ba«  than»  a  logleal  i^proaah  to 
tha  atody  of  tha  protein  aipaettlon  of  ffy  ff<^li^"lrtaftl3A* 

McDanlal  (1037)  lAmn  invaatlgatlag  «*  eoll«aa»tablla 
in  ehlakma  foiuitf  that  tha  oriaalaaa  ww  not  hi^ay  antl- 
ganlc  and  that  it  vaa  diff ioult  to  pyodiiaa  a  high  titer 


BMBita 

Yha  aerologioal  taata  are  recorded  an  fStm  folloiring 
pa^a*  ftm  antiaaroM  vaa  obtalnad  froM  aonwl  rahtoita  that 
bad  baan  injaotad  ai^t  tinea »  over  a  period  of  one  Month* 
vith  doaaa  inoreaaing  from  0*5  00  •  of  a  anapaitaldR  vith  a 
turbidity  of  aaphaloMatar  tuba  mMbar  1  to  8«0  ee*  af  tha 
auapanaion  paralleling  napfaalanater  tvim  nndbar  2*  Tha 
vsv&tmtm%  ehart  raparaaenta  tha  diraot  agglatination  re* 
aotioaa  while  the  lower  ohart  ahoaa  tha  titer  of  fSbm 
when  «MMd  in  croaa  agglutination* 
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^^"^^Mi  MMnats  obtaixMKl  m  tdiMM  serologittal  t««t«  eon* 
finwd  the  fonq«r  «ark  of  ileDKnl«l«     Thm  titers  ««r«  quit* 
higjh  In  ea^h  oam*  but  no  signif lo«nt  aifferenoe*  oould  b« 
ir«Btf  ia  lb*  tvo  strains  by  eroa»««egXixtiiMitlQa«    thM« 
MMLltt  flhow  without  a  doubt  that  tha  antigen! o  prinolplaa 
«f  tha  agrifiMilans  ara  Idaatloal  in  aplta  of  the  diffaranea 
In  tha  rata  of  laetoaa  famantatioaa* 

nDEBXCAX.  STUDIES 

flaitropiiogaala 

^■pi^»  ^  y^fflft^rWt"    S^<^  ^)i*  aarly  w(n>k  of 
aafi  DaX^mif  (19S2)  in  fitm  stuaieo  of  iiaHitunoTlii  aigratioB 
of  bacterial  oelle*  a  good  deal  of  vorlc  has  baaa  dans  on 
this  wsssnraissnt  of  offpmtwm*  potantial  drop  bat— an  tlMi 
Bslaftu>lts  doable  Is^ar  and  tha  aediim*    (ThapMan  and  Meb 
(1989)  found  that  thMa  stvalas  of  lU  ool^  naintaiaad  a 
asBStant  volocity  potential  over  a  period  of  f iva  Tears  <m 
artificial  aedia  and  that  stralna  of  Bm  eoli  isolated  fro» 
parsona  trtioaa  aava  fixed  aowplaasnt  with  3#  coll  antigan 
had  a  different  frequency  distribution  of  eleateapiioi  etia 
sdgratlon  velocities  frcn  those  strains  isolated  fron  per* 
sera  did  not  fix  ecnplaoHmt  with  tha  sasse  anti* 


gen. 

With  this  In  Blind  It  was  dimBftd  fuSvlaablo  to  calculate 
the  Migratory  velocities  of  the  two  strains  of  E»  coll- 
i^atablle  In  the  event  ttmt   the  serological  tests  proved  a 
difference  In  protein  ccmslstency  In  the  two  strains. 

B»t>w>tfe«  The  equipownt  used  was  that  of  ttwCShrop- 
Kunltz  with  the  Siudd  Assembly.  The  procedure  was  f dlowed 
as  outlined  by  the  Arthur  H*  ThosMui  (kmjmnjp   Philadelphia, 
Pennsylvania. 


^.liI'M'l'lil  I- 


A  k  A*   •  Zn  electrodes 

B  4k  B*  •  ZnSO^  slsetrode  vessel 
C»  »  Funnel  for  organism 
C  ■  Overflow  tube 
D  ■  Cataphoresls  cell 


>rliB»iitttl  RMR^^it    ttm  f olloviag  results  u« 
W99ord9A  •m  «n  awtaet^  tlMi  for  «a  o>vmi«n  to  tr«ip»i«» 
0»031S  an*  wltiiln  iin  •l«etrlo&X  field  «hl^  5«  oonstant, 
(135  volts  mf  oppliitA  ftt  th«  sine  •l«ot]*odfa«}«    Yh*  rv 
•alt*  urm  Vhm  tt«»r«^«  of  ton  roodings  takon  ot  tho  f  lm% 
•totlenory  lovolo  of  tho  oloetroiiiAMtitt  soil* 

fill*  in  oeoaoda/OvOSlS 
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XT  tho  mmjmt  ■yilni  cf  tlw  two  otawlno  dlfforod  to 
•oj  oxtont*  it  would  bo  ojqpootod  thot  tho  organiagao  would 
bo  antlgwnloally  opooiflo*     Tblm  «oo  not  ttooma  to  bo  truo 
for  it  was  foond  thot  tho  orgoaiaM  0ovo  good  erooo«08gl»» 
tiaotlon*    Thia  foot  would  lood  «•  to  boliovo  t^iot  tho 
olootroplu»rotio  Migroticm  voloeltiea  of  tho  two  atgrnlt 
would  bo  tho  sanOf  if  wo  fllumld  aooopt  tho  work  of 

Llob  (ld&9)»    The  rooults  obtained  in  this  etudy  in- 
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dloated  that  five  of  the  "R"  strains  had  a  higher  electro- 
phoretlo  velocity  than  did  their  corresponding   "W  strain^ 
two  were  lower  while  one  pair  had  essentially  the  saoM 
velocity. 

SUMMARY 


B»  coll -mutab lie  Is  a  colon  type  of  organism  whose 
taxonomlc  position  has  not  been  ascertained*  The  organlsi 
la  a  latent  lactose-fermetitlng  type  which  gives  rise  to 
colorless  colonies  on  selective  media  used  In  the  Isolation 
of  members  of  the  colon-typhold-paratyphold  group.  These 
characteristics  cause  a  great  deal  of  confusion  In  diag- 
nostic procedures  and  require  several  days*  Incubation  be- 
fore lactose  is  fermenfced  and  a  report  may  be  made.  Corre- 
sponding with  the  latent  fermentation  of  lactose  Is  the 
production  of  paplllae-llke  secondary  colonies  within  the 
colorless  colony  on  the  selective  agar  plates.  These 
secondary  colonies  contain  rapid  fermenting  organisms  and 
account  for  the  late  fermentation.  By  culturlng  the  rapid 
fermenting  strain ("R")  on  an  Inorganic  salts-agar  and  by 
cultivating  the  mother  strain  ("W")  on  this  same  medium, 
one  may  then  have  both  variants  of  the  same  organism. 

The  term  "R",  or  "red"  form,  was  used  from  the  fact 
that  the  rapid  fermenting  organlsmsappear  as  red  colonies 
on  eo3ln-raethylene-blue  agar.  They  are  developed  by  al- 
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loving  MMModcry  eolonlea  to  mppetOf  in  tho  mt^Amr  colony 
9mA  by  1th— qtt»ttt  pMis«g»«  throui^  XftotCNM  broth.    fh»  *9* 
«r  "«liiW"  f ora»«  (»•  til*  erlglnftl  mtaVbmjp  tfoltarmm  nftil^di 
giv*  th#  <S*lAj«d  fMwnlmtitm  and  arm  ocdLtured  dir(M»tlj 
fvon  tlM  «liickon  intostlno* 

Ziiv»«tlgfttlons  hiiirft  bMin  oitdo  to  4tft«mla»t 

1«    Ch«i«»t«pi«M»  dlff or«aa*«  of  the  slov  laetooe* 
ftrnanttiig  stmin  ''w**^  wmS  th»  tvpid  fexrooatlag 
*R*  «tiwin  of  fi>  ooll*itrtbllo  iitil^  ooold  afford 
•QMi  mpptcmtiti  to  a  hmt  —ant  of  idantif  ieatlon* 

2»    9ha  aluismw  atvoetura  of  t^a  t»o  iitraina* 

9»    RaaaoiM  wl^r  tba  t«a  atralna  differ* 

fflnwleal  analTaea  of  the  pyoAoate  of  laetoaa  faxwrnta* 
tion  vara  aMid««    fhaaa  pxtidueta  ipera  f maid  to  ba  •ai'bon 
diead.da>  laotlo  acld»  aueelala  aeldy  aoatie  aeid,  (foroda 
aeid«  d0iAitfal)»  and  atbyl  alaoiiol*    ftitwan  9&»lflW(  of  ttia 
•aHMB  «ma  aoeountad  for  In  aaeh  oaaa*    IRiie  dlffara»»a 
«••  fittrlbiitad  to  the  inaooopaey  of  the  —itwia  uead  and 
asparlaantal  error*     It  vaa  found  that  although  the  *w" 
etrain  utillMd  aone  laatoa*  by  0ft*-48  haorm.  It  did  not 
tttillsa  ea  i^ipraftlabla  tmatmt  for  5-10  daya*    At  the  and 
of  10  days  Inoubatitmy  both  stralna  am:^  th§  aaaa* 

"Che  riM;»id  fMNneatiag  orgaiilaBMi  vara  aauaad  to  ahov 
lahibltlon  of  laetoaa  faraenting  ability  tosp  2«4  daya  by 


firaving  tliMi  «i  Mdim  mI«c  of  g!inMHide»  glutarie  and 
•ttseizilo  ikolds*    This  MepnFt»«at  mm  q:alt«  •i«Birio«nt  mm 
it  indlo«%«a  •  salaatlv*  «otlan  of  th«  «nb«^r«kiai  on  tho 
ovflittiMi  vothM^  tiMn  m  aMtatioa  la  tho  oonoo  of  DtVMoo* 

atodioo  oi  tho  oleo tgqphogot i e  Mgrotion  voloolty 
indle«t«d  ttiM  ttsom  vas  a  diffexwiao  in  &io  i»fewitlals  of 
thi  tmn  ttfpadmm*  ««rf«eo« 

fho  aomlogleal  ytMAtions  voriflod  tho  vvsxats  of 
mOmr  wc^kura  in  tbot  tut  mitibody  titoro  of  tho  or^alina 
««ro  lov  and  that  orcws  agglutination  ooourrod  botwau  tfaa 
•R«  aatf  •^*  atrelno. 

Tho  T)anbn*K  toohni^pio  am!  t?arbiirg  opparatus  ««ro 
nsod  la  tbo  atud7  of  respliratovy  mvBpmm  on  roatlog  tMU>« 
torla*    That  la^  tho  orgmlana  vere  vatliad  and  aoratod  and 
did  not  px^liforato  to  any  approolablo  extont*    Tho  ro<* 
aulta  obtained  ahoirod  a  diroot  oorrolation  botvoon  dahydro* 
fWia  and  oatldaaa  aotivlttaa  in  tha  inat^Maa  vhara  gHu*- 
•Ma»  aodina  Xaotato»  aodina  •ooalnat**  aoditn  pynnrata* 
Mdliaa  fmarato*  and  aodion  oitrata  voro  tiaod  aa  hTdrogan* 
donatora*     In  tho  oaaaa  of  laotoao  and  aodinai  aoatata, 
Vtm  aubstmtwi  «a«  fount?  to  bo  novo  aotivo  as  a  hydtCflaB 
dasator  whon  cmifgm  ••tatf  aa  tha  aaaaptor  than  vhta  nathyl- 
anablua  «aa  vnmA  for  that  puypoao* 

(^talaoo  toata  aoro  run*  using  Mk  Ofrtginal  ta«hRi«aa 


«f 


that  requlpod  the  ti»«  of  «»  Warburg  apparatus.  It  waa 
aada  evident  that  both  "R*  and  *»•  f otwi  of  E.  coll*— JiMly 
vara  px^llfle  oatalaoa  j^roducera* 

Thaaa  studies  Mi^BiMitad  that  tha  rasplrat^xry  MHSh* 
anlass  of  B»  collHantatblla  caused  the  following  reactions 
under  aerobic  ctsidltlcwia* 


Substrate  *•  carrier 
Reduced  carrier  f-  0, 


oxidised  substrata  * 
9sdueed  oarrlsr 

^  carrier  t  HgOg 


V2 


eatalass   ^.HgO  ♦  0 

Onder  anaerobic  conditions  it  vas  concluded  that  the 

following  reacticxis  occurred! 

Substrata  .  .   >  hydrated  substrata 

Hydrated  substrate  4'  H-aceeptor  dehudrqa^aaae. 

oxidized  substrate  ^  reduced  H-«o«eptor  f  CO 


eOiK^LUSXOSS 


Iha  results  of  this  investigation  ahem   that  the 
variants  differ  only  in  the  velocity  of  their  lactose  fer- 
nentation*  Althou^  it  has  been  shown  that  lactase  is 
present  in  the  slow  lactose  fementing  variant  in  small 
•BKnints,  It  camiot  be  designated  a  constitutive  enzyme  la 
the  Baam   sense  as  that  referring  to  the  enxyaes  attacking 
dextrose,  unltose*  etc.  There  sewas  to  be  a  definite 
relatlcnaship  between  a  lactose  envlrcxmant  and  the  in* 


eMMis«d  lactose  production.  On  the  other  hend,  it  eaimot 
be  strictly  called  en  adaptive  enzyme  for  it  is  not  pro- 
duced "de  novo"  when  the  organism  is  plaeed  in  the  presence 
of  laetoee* 

99a*  origin  of  the  variant  form  beeooee  a  perplexing 
problwa.  If  the  rapid  fenaenting  variant  was  considered 
to  be  a  e<mt«rfLBatit  o*  the  alow  fexnenting  organism.  It 
would  appear  that  a  pure  culture  of  t}m   "w"  foMi  eoold  be 
obtained,  and  that  it  would  be  an  organism  which  would  not 
attack  lactose  at  all  •  This  hes  never  been  aeeaBq>lish^, 
hcvever,  and  leads  the  writer  to  believe  that  the  variant 
is  in  reality,  a  mutant  form*  fhe  ettttSfttive  agent  of  this 
nitaticm  xsost  be  a  factor  arising  from  the  laetaboliam  of 
tkm  aether  eultiure*  Once  the  newly  formed  ensyae  is  e«- 
tablished  within  the  culture  it  becomes  enhanced  by  tt^ 
lactose  preeent  and  the  lactose  ccmtaining  organism  be* 
cone*  denizunt  dtie  to  the  selective  action*  It  appears 
that  more  information  on  the  subject  of  bacterial  varia- 
tion must  be  socu3?ed  before  definite  eoneluslons  may  be 
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